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| INTRODUCTION
Increasingly, environmental factors are being shown to play a role in the etiology of a type 1 diabetes (T1D), as evidenced by the lower prevalence of susceptibility genotypes in recent years than previously. 1 The environmental factors predisposing to T1D are largely unknown. Descriptive epidemiology may be useful in exploring the role of such environmental factors. It has been known for many years that there is a northsouth gradient in the incidence of T1D in Europe and North America. [2] [3] [4] This suggests that climatic factors may be important in the etiology of T1D. Climatic conditions that have been implicated in epidemiological studies include low ambient temperature 2, 5, 6 and reduced hours of sunshine. 5, 6 High temperature has also been shown to reduce the risk of diabetes in an animal model of T1D. 7 One geographical feature that exerts a major effect on climate but whose relationship with the incidence of T1D has not been studied is distance from the sea. Hours of sunshine increase with increasing distance from the sea as a result of decreasing cloud cover. Hence, if reduced hours of sunshine increase the risk of T1D, as suggested by some, 5, 6 then one would expect a decreasing incidence of T1D with increasing distance from the sea. Conversely, if average ambient temperature, rather than hours of sunshine, is the main factor mediating the association between latitude and incidence of T1D, then one would not expect any relationship between the incidence of T1D and distance from the sea. Therefore, the aim of this study was to investigate any possible relationship between distance from the sea and the incidence of T1D.
| METHODS
Worldwide incidence data of T1D in children aged ≤14 years between 1990 and 1994 was obtained from the World Health Organization (WHO) DiaMond Project. 8 For each of the DiaMond Project centers or regions for which childhood T1D incidence data were available, the shortest distance from the sea was measured manually using the measuring tool in Google Maps (https://www.google.com/maps. Accessed June 23, 2018).
In the primary analysis, all 100 centers in the DiaMond Project were included and the shortest distance from the sea was measured for each of these centers or regions. In those cases where the center or region was not specified, the shortest distance from the sea was measured from the capital city or largest city of the respective country. Data on mean hours of sunshine and mean temperature were obtained from the United Nations (http://data.un.org/Default.aspx. Accessed June 26, 2018). 9 For those countries with more than one unspecified center, the shortest distance from the sea was measured from the center of the country. Normality of distribution was tested using the Kolmogorov-Smirnov test. Because data were not normally distributed, the monovariate associations between childhood incidence of T1D and the shortest distance from sea and latitude for each DiaMond center were studied using Spearman's correlation analysis. This was followed by multivariate analysis using the generalized linear model (GLM).
| RESULTS
A significant negative association was found between the incidence of T1D and shortest distance from sea (r = −0.251, P = 0.01235), mean hours of sunshine (r = −0.325, P = 0.002), and mean temperature (r = −0.224, P = 0.046), whereas a positive correlation was found between T1D incidence and latitude (r = 0.434, P = 0.0001), when all centers in the DiaMond Project were analyzed. The negative association between distance from the sea and incidence of T1D was even more significant when countries without a specified center or region were excluded from the analysis (r = −0.316, P = 0.0065). Multivariate analysis (GLM) showed that both distance from the sea (β = −0.002769; 95% confidence intervals [CI] -0.004159, −0.001380; P < 0.001) and latitude (β = 0.182; 95% CI 0.123, 0.241; P < 0.001) were independently associated with the incidence of T1D (P < 0.001, omnibus test). The association between distance from the sea and the incidence of T1D remained significant even after adjusting for mean temperature (β = −0.0005953; 95% CI -0.0009738, −0.0002168; P = 0.002; P = 0.001, omnibus test) and mean hours of sunshine (β = −0.0005163; 95% CI -0.0008770, −0.0001556; P = 0.005; P = 0.019, omnibus test). We could not enter latitude, hours of sunshine, and mean temperature in the same model because, as expected, these were highly correlated (Spearman r = −0.785, P = 0.0000001 for latitude vs mean temperature; r = −0.494, P = 0.00001 for latitude vs hours of sunshine; r = 0.430, P = 0.00009 for mean temperature vs hours of sunshine).
| DISCUSSION
The results of this study show that there is a negative correlation between distance from the sea and the incidence of T1D. This was independent of latitude, mean temperature, and mean hours of sunshine. This suggests that the relationship between the distance from the sea and T1D cannot be solely mediated by mean temperature and mean hours of sunshine. The data also confirm the relationship between latitude and T1D incidence.
The novel finding of a negative correlation between T1D incidence and distance from the sea may contribute to the increasing global incidence of T1D, given the increasing proportion of people living close to the sea. 9 Longer hours of sunshine may contribute to the association between the incidence of T1D and both latitude and distance from the sea. This, in turn, could be mediated by a lack of vitamin D in areas with low hours of sunshine, which has been shown to be associated with a higher risk of T1D. 10 Vitamin D has been shown to have immunomodulatory effects including inhibition of the differentiation of dendritic cells, 11, 12 a shift towards a T helper (Th) 2 rather than Th1 response, 13 inhibition of proliferation and promotion of apoptosis of B lymphocytes, 14 and inhibition of Toll-like receptor activation. 15 Higher maternal vitamin D levels have been reported to be associated with a lower risk of T1D development in offspring. 16 Furthermore, vitamin D supplementation has been shown to reduce the risk of T1D in an animal model, 17 as well as in humans. 18, 19 The negative association between the incidence of T1D and distance from the sea remained significant even after adjusting for hours of sunshine, implying that other unidentified factors may also contribute to this relationship. Examination of environmental differences associated with distance from the sea may be informative in exploring environmental influences on T1D risk. Possible factors may include differences in infection patterns, dietary habits, and pollution. Most heavy industry is located close to the sea; these industries can produce pollutants that have been linked to increased risk of T1D. [20] [21] [22] Dietary habits likely contribute to the higher mercury levels reported in people living closer to the sea, 23 and mercury has been reported to increase pancreatic β-cell death. 24 
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